Even in species which are distinguishable by mainly internal structures or molecular data (e.g., cryptic species), external morphology could be useful for species identification. This paper describes the morphology and distribution of two species in Poecilus 'samurai' (Coleoptera: Carabidae) and tested the utility of external morphometrics for identification of cryptic species. The examination of the membranous parts of genitalia revealed that P. 'samurai' is composed of two externally similar species: P. sp. 1 (Hokkaido and Honshu) and P. sp. 2 (Hokkaido, Kyushu, Russia and Korea). With a focus on the identification of individuals from Hokkaido where the two species sympatrically occur, discriminant analyses based on measurements of ten external characteristics were performed between P. sp. 1 (Hokkaido) and P. sp. 2 (Hokkaido), and between P. sp. 1 (Hokkaido and Honshu) and P. sp. 2 (Hokkaido). In the former, all individuals were correctly classified into their own species, whereas in the latter, some individuals were incorrectly classified, suggesting that discriminant analyses using focal populations are more effective. A morphological phylogeny of five Poecilus species (including sp. 1 and 2) was provided, and the distribution pattern in the Japanese Archipelago was discussed.
INTRODUCTION
Species has been regarded as a fundamental unit of biodiversity, and thus the precise discrimination and identification of species are prerequisites for scientific studies using organisms. In many taxonomic groups, however, morphologically similar, sympatric species (e.g., cryptic species) exist. Overlooking such species could mislead our research findings in at least two ways. First, it causes an underestimation of biodiversity at the species level (Hebert et al., 2004; Lee and Foighil, 2004; Hart et al., 2006) , and this could result in erroneous conclusions particularly in studies of population and community ecology. Second, geographical variations in the properties of organism (e.g., morphology and ecology), which we consider to be the result of local adaptation, might in fact be differences among species (Geisen et al., 2002; Mcgovern and Hellberg, 2003) ; this could mislead us in our understanding of adaptation and speciation of organisms.
To overcome difficulties in species identification, researchers have used morphometric data (Kampfer et al., 1993; Ohno et al., 2003; Shiao, 2004; Metrani and Balakrishnan, 2005) , acoustic characteristics (Oswald et al., 2003; Fukui et al., 2004; Metrani and Balakrishnan, 2005) or chemical data (Haverty et al., 1996; Wang et al., 2005) . Recently, molecular markers have been used as a reliable method for the identification of closely-related species (Hebert et al., 2003; Matsunaga and Togashi, 2004; Yara, 2006; de León et al., 2006) . Of these, practical methods would be chosen in consideration of simplicity, accuracy and inexpensiveness.
Poecilus samurai (Lutshnik) is a common carabid beetle of the tribe Pterostichini (Coleoptera: Carabidae), and is distributed in Islands of Hokkaido, Honshu and Kyushu in the Japanese Archipelago (Tanaka, 1985) . Many authors have examined this species in studies using pitfall traps (e.g., Martin, 1992; Yamashita et al., 2006) , with most of the studies investigating the community ecology of ground beetle species. When Tanaka (1985) revised the subfamily Pterostichinae of Japan, he suggested the probability of heterogeneous assemblage of P. samurai because of the intraspecific morphological variation. However, he did not revise the species status of P. samurai, and most authors followed this treatment.
Through our recent research, it became apparent that P. 'samurai' is actually composed of two species. These two species are clearly distinguishable by genital structures, but they are externally closely similar to each other. In the Carabidae, genital morphology and molecular data are not always available for species identification, because of the difficulty of the dissection technique (e.g., Berlov, 1992) or an occasional incongruence between morphological data and molecular data due to introgressive hybridization or ancestral polymorphism (e.g., Sota and Vogler, 2001; Zhang et al., 2005) . In such cases, morphometric analyses based on measurements of external body parts could be useful for species identification. Thus, the two species of P. 'samurai' provide an opportunity to test the utility of external morphometrics for identification of closely similar species, for which other identification methods are not available.
In the present paper, we described the morphological characteristics and distribution patterns of these two species, and tested identification of them by multivariate analysis based on measurements of external characteristics. In addition, we constructed phylogenetic relationships among five Poecilus species based on the morphological characteristics using a cladistic method, and discussed the establishment of their distribution pattern in the Japanese Archipelago.
MATERIALS AND METHODS
Taxonomy and sample collections. The present study revealed that P. 'samurai' (sensu Tanaka, 1985) is actually composed of two species, which are sympatric in Hokkaido and distinguishable mainly by genital structures. Our results also revealed that one of the two species is distributed in Russia and Korea, from which many Poecilus species have been described (Jedlička, 1962; Bousquet, 2003) . These facts suggest that the scientific names for the two species in P. 'samurai' are undeterminable until type specimens of all Poecilus species in the Far East are examined. In the present paper, we treated these clearly recognizable species as RTU(s) (recognizable taxonomic unit; see Oliver and Beattie, 1993) . The concept of RTU has been accepted in many studies of ecology (e.g., OliveiraFilho et al., 1997; Mayfield et al., 2006) or phylogeny (e.g., Sasakawa and Kubota, 2005; Sota et al., 2005) , in which the essential conclusions of studies are not affected by the scientific name of materials.
Most specimens were collected by collaborators or authors using baited pitfall traps and deposited in the authors' collections. Other specimens were obtained from public collections (Appendix 1). Most specimens were dissected, and the male endophallus (inner sac of aedeagus) and female vagina and spermatheca were examined.
Morphometric analyses. Because two species in P. 'samurai' occur sympatrically in Hokkaido, a reliable method for identification of Hokkaido individuals needs to be described.
We tested identification by multivariate analyses based on measurements of external characteristics. The specimens of two species from Hokkaido (P. sp. 1, 48?34/; P. sp. 2, 41?45/; see Appendix 1) were photographed using a CCD camera attached to a binocular microscope; these specimens were identified by genital morphology. The lengths of ten external parts ( Fig. 1) were measured (nearest 0.01 mm) using the software package NIH Image on a personal computer. For both males and females, the measurements were compared by t-tests, and discriminant analyses were carried out to classify the two species.
We also examined the effect of the allopatric population on the result of analyses. The individuals of P. sp. 1 Honshu population (23?17/; see Appendix 1) were measured, and a discriminant analysis was carried out between P. sp. 1 (Hokkaido and Honshu) and P. sp. 2 (Hokkaido). For the comparison of three populations [P. sp. 1 (Hokkaido), P. sp. 1 (Honshu) and P. sp. 2 (Hokkaido)], the variations were presented by canonical variance analyses (CVA).
All statistical analyses were performed using SYSTAT version 8.0 (SPSS Inc., 1998) . The raw data were log e -transformed before analyses. To jus-tify the use of discriminant analyses, homogeneities of the variance-covariance matrices of measurements were confirmed by c 2 -tests (p>0.05 in all cases).
Phylogenetic analyses. Species phylogeny and the distribution pattern of each species could give insights into the differentiation and dispersal process of this group.
We constructed phylogeny of five Poecilus species, P. sp. 1, P. sp. 2, P. sp. 3, P. nemotoi and P. versicolor, based on morphological characteristics using cladistic methods. Of these, P. sp. 1 and P. sp. 2 have been traditionally regarded as P. 'samurai' (e.g., Tanaka, 1985) . A continental species with a dorsal view as shown in Fig. 2I and endophallus as shown in Fig. 3G were named as P. sp. 3 (Appendix 1). Poecilus nemotoi is endemic to the Korean Peninsula (Park and Paik, 2001; Bousquet, 2003) , and P. versicolor is widely distributed in Palaearctic region (Bousquet, 2003) . As for P. sp. 1, Hokkaido and Honshu populations were treated as different terminal taxa because of differences of some external characteristics (Appendix 3). Poecilus versicolor, which is more distantly related to other four species (see Hůrka, 1996) , was treated as an outgroup.
All characteristics were treated as unordered, and certain characteristics of some taxa were coded and analyzed as polymorphic character states. Phylogenetic analyses were performed using PAUP* version 4.0 (Swofford, 2002) with an exhaustive search. Nodal supports were evaluated using the bootstrap probability calculated from 100 replicates and Bremer support (Bremer, 1994) . Character-state changes were reconstructed using both ACCTRAN and DELTRAN optimizations.
RESULTS

Morphological characters and distribution pattern of two species in Poecilus 'samurai'
In the present study, P. 'samurai' proved to be divided into two morphologically similar species: P. sp. 1 and P. sp. 2 ( Fig. 2) . They have the typical external and genital characteristics of Poecilus (see Hůrka, 1996; Bousquet, 1999) as follows: Body (Fig. 2 ) stout and convex. Appendages black. Legs stout. Head normal sized; surface smooth; eyes large and markedly convex; tempora short; antennae short, with apices reaching somewhat beyond the pronotal posterior margin; segments 1-3 and basal 1/4-1/2 of segment 4 without pubescence. Pronotum convex, wider than long; surface smooth except for laterobasal impressions; laterobasal impressions double, deep, with surface densely punctate. Elytra convex; shoulders distinct, without denticulate teeth at the tip; apices rounded; three dorsal pores on interval 3, all adjointing stria 3. Ventral surface smooth except for episternum and lateral sides of sterna 2-6; epsternum markedly punctuate; lateral sides of sterna 2-6 punctate or wrinkled. Aedeagus (Fig. 3 ) slender and weakly arcuate; apex broad and widely rounded. Right paramere short, with rounded apex. Left paramere long oval and markedly convex. Vagina (Fig. 4) large and widest near the middle, without conspicuous pigmentations; spermatheca long and stout, with small diverticulum near the base.
Although many measurements of external characters overlap between the two species (Table 1) , the genital characteristics and color patterns were clearly differentiated as follows.
In the endophallus, three lobes on the dorsal surface and gonoporal lobe (Fig. 3) were clearly differentiated. Poecilus sp. 1 has three lobes on the dorsal surface ([4] , [5] and [6] in Fig. 3A) , whereas P. sp. 2 has only the apical one ( [6] in Fig. 3C ). The gonoporal lobe is larger and turned comma-shaped (from left lateral view) with narrow apex in P. sp. 1 ( [7] in Fig. 3A) , whereas it is smaller, stout and straight with the apex widely rounded in P. sp. 2 ( [7] in Fig. 3C ). The basic structures of the female genitalia are the same in the two species (Fig. 4) ; however, both the vagina and bursa copulatrix are markedly larger in P. sp. 1 than in P. sp. 2.
The color of the dorsal surface is variable in both species (Fig. 2) . In P. sp. 1, four color patterns occur in both sexes: concolorously green ( Fig. 2A) , concolorously reddish copper (Fig. 2B) , concolorously black (Fig. 2C ) and greenish pronotum with reddish to copperish elytra (Fig. 2D) . In the Hokkaido population, three types except for concolorously black type occur; in females, two types except for concolorously green type, in which only metallic type occurs, have both metallic ( Fig.  2A-C) and opaque (Fig. 2D ) types, and in males, all individuals have metallic type. In the Honshu population, concolorously black type usually occurs, and concolorously reddish copper type rarely occurs in males; in females all individuals are opaque, whereas all male are shiny (concolorously black type) or metalic. In P. sp. 2, two color patterns occur: concolorously copper (Fig. 2E) or concolorously black (Fig. 2F-H) . In some individuals of the later type, the dorsal surface is slightly greenish (Fig. 2H) or copperish. The elytral surface is inevitably shiny (concolorously black type) or metallic in males and opaque in females.
Currently P. sp. 1 is endemic to Hokkaido and Honshu. Poecilus sp. 2 is distributed in Hokkaido, Kyushu, Russia and Korea (including Is. Jeju). In a wide area of central Hokkaido, the two species sympatrically occur (Fig. 5) .
Morphometric analyses
The numerical variations of external characteristics of the two species from Hokkaido are shown in Table 1 . Except for PL, PW and EW, the mean lengths were significantly different between species, although they largely overlapped. The dis- Fig. 2 . Dorsal surface of Poecilus spp. A, P. sp. 1, male (Naka-satsunai, Hokkaido, Japan); B, P. sp. 1, male (Sakihana-tunnel, Hokkaido, Japan); C, P. sp. 1, male (Sasagamine, Niigata, Japan); D, P. sp. 1, female (Haboro-chô, Hokkaido, Japan); E, P. sp. 2, male (Mt. Tairokusan, Hokkaido, Japan); F, P. sp. 2, male (Shiretokotôge-pass, Hokkaido, Japan); G, P. sp. 2, male (Mt. Aso, Kumamoto, Japan); H, P. sp. 2, male (Chita, Russia); I, P. sp. 3, male (Shěnyáng, China); J, P. nemotoi, male (Seoraksan, Korea). Scale line: 5.0 mm. criminant analyses between P. sp. 1 (Hokkaido) and P. sp. 2 (Hokkaido) correctly classified all individuals into their own species (male: Wilk's lϭ0.160, F [10, 78] Fig. 6 . On twodimensional displays of canonical axes 1 and 2, the two species of Hokkaido populations were clearly segregated and were not overlapped (unbroken lines). However, the two species were partially overlapped when two populations of P. sp. 1 were 
Species phylogeny
Three external and five male genital characteristics were evaluated and coded (Appendixes 2 and 3). From the equal-weighting analysis, five trees of 17 steps were obtained, with consistency indexϭ1.00 and retention indexϭ1.00. Figure 7 represents the 50% majority consensus tree of these five trees. Poecilus sp. 2 and P. nemotoi constituted a monophyletic sister group to a clade containing other three taxa, in which P. sp. 3 is sister to the remaining two taxa.
In some characteristics, different results for character-state changes were produced under ACC-TRAN and DELTRAN optimizations; therefore, only unambiguous character changes (optimized in both options) are discussed below. Monophyly of ingroup species was supported by two character states: double laterobasal impressions of pronotum (character 1: state 1) and female opaque elytra (character 3: state 1). The confidence of the sister- group relationship of P. sp. 2 and P. nemotoi was low, and their sister-group relationship was not supported in the strict consensus tree. Poecilus sp. 2 has one autapomorphy; a polymorphic character state (metallic or black without metallic luster) of dorsal color (character 2: state 0 or 1). The monophyly of the remaining taxa was supported in the 50% majority consensus tree, but not in the strict one. Poecilus sp. 3 has one autapomorphy; black dorsal surface without metallic luster (character 2: state 0). The monophyly of the species P. sp. 1 was supported by a large ventroapical lobe with apex slightly bifid (character 8: state 2). The Honshu population of P. sp. 1 has one autapomorphy; a polymorphic character state (metallic or black without metallic luster) of dorsal color (character 2: state 0 or 1), and the Hokkaido population has one autapomorphy; a polymorphic character state (metallic or opaque) of female elytra (character 3: state 0 or 1).
DISCUSSION
Utility of external morphometrics for the species identification
The various approaches for correct species identification have their own merits and demerits. For example, there are molecular markers with good performances (e.g., Hebert et al., 2003) , but they are usually expensive and require considerable deals of labor (e.g., Will and Rubinoff, 2004) .
On the other hand, morphometric analysis may be a powerful tool because of its simplicity and inexpensiveness. In this paper, we proposed a morphometric multivariate analysis method for the identification of Hokkaido individuals of P. 'samurai'. This is a very practical and accurate method. The classification functions focused on the sympatric populations of Hokkaido correctly identified all individuals as their own species. Our results also suggested that the allopatric population could influence the result of the discriminant analyses; in the case of the Honshu population of P. sp. 1, some individuals were incorrectly classified, suggesting that in the species identification using morphometric analyses, discriminant analyses using focal populations are more effective. Our method can be applied to living individuals because it is based on external characteristics. To use this method, no special technique (e.g., dissection of genitalia) is required. In addition, morphometric data promote objectivity of the results more than subjective visual judgment of obscure characteristics.
In the family Carabidae, sympatric species that are closely related and almost morphologically indistinguishable are known to exist (e.g., Nebria in Sasakawa and Kubota, 2006a; Pterostichus in Nemoto, 1988; Kubota, 2005, 2006b ; Trichotichnus in Ito, 2005) . The application of our method to such species groups may be effective for better species identification.
Establishment of distribution pattern in the Japanese Archipelago
Poecilus sp. 1 is distributed in the northern part of the Japanese Archipelago with wide sympatric distribution with P. sp. 2 in Hokkaido, and has not occurred in the Asian Continent. Poecilus sp. 3, sister to P. sp. 1 based on our results, is also sympatric with P. sp. 2 in Russia (Appendix 1). These facts suggest that reproductive isolations between two clades, P. sp. 1ϩP. sp. 3 and P. sp. 2ϩP. nemotoi, was established in the continent, and the sympatric distribution of P. sp. 1 and P. sp. 2 in Hokkaido results from secondary contact of two clades. If so, the morphological differences between Hokkaido populations shown in CVA (Fig.  6 ) might be a result of the character displacement between two species. In the Japanese Archipelago, P. sp. 2 is separately distributed in Hokkaido and Kyushu (Fig. 5) . Because P. sp. 2 is widely distributed in the easten part of the Asian Continent, the distribution pattern in the Japanese Archipelago probably results from invasions via the islands of Sakhalin (Hokkaido population) and Tsushima (Kyushu population) in the glacial period. Our result could not reveal the dispersal process of P. sp. 1 in the Japanese Archipelago. This is mainly because the morphological characteristics that are phylogenetically useful (e.g., genital morphology) are poorly-differentiated within P. sp. 1.
Molecular phylogeny may provide insight into this problem. In the tribe Pterostichini, molecular markers have been used to elucidate the phylogeography of some taxa (Moya et al., 2004; Sasakawa and Kubota, 2005) . Future molecular analyses could reveal the differentiation and dispersal processes of two species in P. 'samurai', and provide more information about their relationships which could be detected by molecular analyses (e.g., past introgressive hybridization).
